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A strain of the phytopathogenic bacterial species, Erwinia rhupontici, was found to cause hemagglutination of human 
erythrocytes that was specifically inhibited by p-galactosides. Of the monosaccharides tested, N-acetyl galactosamine and 
galactose fficiently inhibited the hemagglutination. The most potent inhibitor identified was Gal~1-4GlcNAc that was 
30-lOO-fold more potent than GahS3GlcNac or Galbl-3GalNAc. Fetuin had no effect on the hemagglutination 
whereas asialofetuin was inhibitory. No blood group specificity was found for the hemagglutinin. These findings indicate 
that the E. rhapontici strain possesses a novel bacterial cell-binding activity with specificity for terminal N-acetyllactos- 
amine residues. 
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1. INTRODUCTION 
In mammals, bacterial adhesion to host tissues 
at the infection site is important for initiation of 
infectious diseases and for establishment of nor- 
mal bacterial flora in the oral cavity and the in- 
testine [1,2]. The adhesion is thought to increase 
the infective potential of bacteria by helping them 
to resist mechanical clearance functions at mucosal 
surfaces. Bacterial adhesion mechanisms have 
been under intensive study, and a number of 
bacterial adhesins have been characterized for 
biological function, molecular binding specificity, 
and genetic and serological properties [2-51. The 
general scheme emerging is that the invading 
bacteria have lectin-like proteins on their surfaces, 
in Gram-negative bacteria often in the form of 
fimbrial filaments, which bind to specific car- 
bohydrates of epithelial glycoconjugates. 
Adhesion seems important also in bacteria-plant 
interactions. It is essential for the induction of 
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nodulation in legumes by rhizobia [6] and of tumor 
formation in host plants by agrobacteria [7], as 
well as for the colonization of grass roots by kleb- 
siellas [8]. Bacterial adhesion to plant tissue has 
been observed in compatible virulent interactions 
[7,9] as well as in incompatible ones leading to 
resistance of the host plant [lo, 111. With the ex- 
ception of the rhizobe-legume interaction [6], the 
molecular mechanisms of these processes have not 
been investigated to a considerable xtent. We now 
report identification of a galactoside-specific ell- 
binding activity in a phytopathogenic bacterium, 
Erwinia rhapontici. 
2. MATERIALS AND METHODS 
2.1. Bacteria 
The E. rhupontici strain 139 belongs to the set of strains 
described by Christofi et al. [12]. Bacteria were grown at 28°C 
in static Luria broth as described [13], collected and suspended 
to one-tenth of the original volume in phosphate buffered 
saline, pH 7.1 (PBS). 
2.2. Hemagglutination assays 
Hemagglutination and inhibition tests were performed by 
standard methods [14] in 96-well, round-bottomed microtiter 
plates (Nunck, Roskilde, Denmark) over crushed ice. For some 
experiments, erythrocytes were treated with Vibrio cholerae 
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sialidase (Koch-Light Laboratories Ltd, Colnbrook, Berks, 
England) [ 151. NeuAcn2-6Gavl-4GlcNAc was isolated from 
bovine colostrum [16]. Gaul-4GlcNAc (N-acetyllactosamine) 
and Gav-1-3GalNAc were prepared from the corresponding 
sialylated oligosaccharides [16] by treatment with 0.1 M HCI 
and purification by ion-exchange chromatography. Other car- 
bohydrates used in inhibition tests (table 1) were from Sigma 
(St. Louis, USA). Galacturonic acid, fetuin and asialofetuin 
were also from Sigma. All inhibitors were in PBS adjusted to 
pH 7.1. 
3. RESULTS 
With human 0 erythrocytes, hemagglutination 
titers of 16-64 were observed for cell suspensions 
(-10” cells/ml) of the E. rhapontici strain 139, the 
variation probably reflecting day-to-day dif- 
ferences in the bacterial cultures. Of the monosac- 
charides tested (table l), only galactose and 
N-acetylgalactosamine effectively inhibited the 
hemagglutination, the latter being 2.5fold more 
effective than the former. Arabinose and N- 
acetylglucosamine were slightly inhibitory, being 
one-hundred times less effective than galactose. It 
is noteworthy that galacturonic acid did not inhibit 
the binding. 
To characterize the binding specificity in more 
detail, several oligosaccharides were tested for in- 
hibition of the binding (table 1). Hemagglutination 
by the Erwinia cells was effectively inhibited by 
various disaccharides containing ,8-galactose at the 
nonreducing terminus. Oligosaccharides with a ter- 
minal a-galactose residue were far less active in- 
hibitors, and those containing terminal ,8- or 
cY-glucose, sialic acid or ,8-N-acetylglucosamine 
residues had no inhibitory activity. 
The most potent inhibitor tested was Gal,81- 
4GlcNAc. It was lo-fold more effective than lac- 
tose and nearly 40-fold more effective than galac- 
tose. Gal,&l-6GlcNAc was about 3-fold more 
active than lactose whereas Gal&l-3GlcNAc was 
some lo-fold less active than lactose. Gal@l-3Gal- 
NAc was also less active than lactose but about 
4-fold more effective than Gal&l-3GlcNAc. 
Neutral ,&galactose-containing disaccharides with 
a manno- or galactopyranose at the reducing end 
were equally effective inhibitors with lactose 
whereas those with a fructo- or arabinofuranose 
were about 2-fold more effective. 
Of the glycoproteins tested, fetuin had no in- 
hibitory effect whereas asialofetuin was a potent 
inhibitor of hemagglutination (table 1) supporting 
a masking effect for sialic acid on the binding. In 
accordance with this, neuraminidase treatment of 
erythrocytes increased the hemagglutination titer 
from 64 to 512. 
To assess the possible ABO, Lewis, P or Rh 
blood group specificity of the Erwinia hemag- 
glutinin, hemagglutination titers were determined 
using erythrocytes of the following phenotypes: A, 
B, 0, Ah and Oh for the ABO system; Le(a + b -), 
Le(a - b + ) and Le(a - b - ) for the Lewis system; 
P:, PT and pp for the P system, and D + and D - 
for the Rh system. No significant differences in the 
titers were detected (not shown). 
4. DISCUSSlON 
The novel cell-binding activity detected in the 
phytopathogenic bacterium E. rhapontici is 
specific for ,8-galactoside residues as indicated by 
the following findings. Firstly, sialidase treatment 
of erythrocytes, which exposes further galactose 
residues on the erythrocyte surface [15], increased 
their agglutinability by the bacteria. Secondly, 
hemagglutination by the Erwinia cells was in- 
hibited by galactose, N-acetylgalactosamine, and 
more effectively by a number of oligosaccharides 
containing terminal fl-galactose residues. Oligosac- 
charides with a terminal a-galactose residue were 
far less active whereas oligosaccharides with other 
monosaccharides at the nonreducing terminus had 
no inhibitory activity. In accordance, asialofetuin 
that contains terminal ,&galactose residues on its 
sugar chains [17] was a potent inhibitor. 
Inhibition studies with different disaccharides 
containing ,8-galactose residues at the nonreducing 
terminus indicated that the E. rhapontici hemag- 
glutinin has remarkably higher affinity for the 
Gal&l-4GlcNAc sequence than for the Gal.&- 
3GlcNAc or Galpl-3GalNAc sequences. The dif- 
ference between the inhibitory effect of Gaul- 
4GlcNAc and GalPI-6GlcNAc was less, about 
4-fold. This suggests that the E. rhapontici hemag- 
glutinin may be a useful lectin in recognizing N- 
acetyllactosamine t rmini in mammalian glycocon- 
jugates .
The substitution of ,&-galactose r sidues by sialic 
acid abolished the binding activity. Also, the 
substitution of galactose at C-3 by a ,8-N- 
acetylglucosamine residue abolished the binding 
(table 1). However, it remains to be resolved 
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whether some other substituents at galactose are 
compatible with the binding of E. rhapontici as 
some bacteria, e.g. P-fimbriate E. coli [18], 
recognize internal sugar structures. 
Binding properties related to the present one 
have been identified in bacteria. Bacterial species 
belonging to the normal bacteria flora of human 
intestine have been found to adhere to lac- 
tosylceramide [19]; at least in some cases also the 
ceramide part of the lactosylceramide molecule 
was thought to participate in the binding. Also a 
strain of Staphylococcus saprophyticus was 
reported to bind to lactosylceramide [20]. This 
binding was inhibited by oligosaccharides contain- 
ing the Gal,&l-4GlcNAc sequence. Strains of Ac- 
Table 1 
Inhibition of hemagglutination of human 0 erythrocytes by E. 
rhapontici 139 
Inhibitor MIC” 
(mM) 
Relative 
inhibitory 
potentialb 
Monosaccharides 
GalNAc 
Gal 
GlcNAc 
Ara 
Glc, Man, Xyl, Fru, Rha, 
GalA 
Oligosaccharides 
Gal&l-4GlcNAc 
Gak31-6GlcNAc 
Gal&l-3GlcNAc 
Gal@-3GalNAc 
Gal@-4Frc 
Galpl-3Ara 
Gaul-6Gal 
Gavl-4Man 
Gavl -4Glc 
Galrv l -6Glc 
Gall-6Glccul-2Fru 
Gahl-6Galal-6Glccul-2Fru 
GlcNAc$l -6Gal 
NeuNAccY1-6GaQ?-4GlcNAc 
Glwl-4Glc, Glc~ul-lGlc, 
Glccul-4Glc, G&l-2Fru 
Glycoproteins 
Fetuin 
Asialofetuin 
> 3.3 mg/mF 
0.057 mg/ml 
0.58 2.5 
1.4 I.0 
100.0 0.01 
100.0 0.01 
> 100.OC <O.Ol 
0.038 38.2 
0.14 10.7 
4.3 0.3 
1.2 1.2 
0.19 7.6 
0.19 7.6 
0.30 4.8 
0.38 3.8 
0.38 3.8 
11.6 0.13 
21.3 0.07 
50.0 0.03 
>4.3c <0.34 
>7.0c <0.21 
> 100’ <O.Ol 
a Minimal inhibitory concentration required to prevent 
hemagglutination 
b Inhibitory potential of galactose is taken as 1.0 
’ No inhibition at the highest concentration indicated 
tinomyces naeslundii and Actinomyces viscosus 
which colonize human oral cavities carry the so- 
called type-2 fimbriae with lactose-sensitive 
binding properties [2,5,21]. Binding of the type-2 
fimbriae is effectively inhibited by Galpl-3Gal- 
NAc but not by Galpl-4GlcNAc, hence their 
binding properties differ significantly from those 
of the Erwinia hemagglutinin. 
Of the plant lectins binding to fi-galactosides 
[22], the E. rhapontici hemagglutinin most 
resembles the Erythrina cristagalli lectin [23]. Both 
agglutinins have a higher affinity for N- 
acetyllactosamine than for lactose, which however 
is 4-6 times better in inhibition than galactose. As 
found for the Erwinia hemagglutinin in the present 
study, the E. cristagalli lectin lacks blood group 
specificity and interacts with asialofetuin but not 
with fetuin [22,23]. The E. cristagalli lectin 
however interacts with Gal,.&-3GlcNAc more effi- 
ciently than does the Erwinia hemagglutinin. 
To our knowledge, this is the first report on a 
specific recognition of carbohydrates by a 
phytopathogenic bacterium. Adhesion of zoo- 
spores of the fungus Pythia aphanidermatum to 
root surfaces of cress is dependent on recognition 
of fucose-containing carbohydrates in root surface 
mucilage [24]. Terminal ,&galactose residues are 
present in plant cell wall polysaccharides, e.g. in 
side chains of xyloglucans and probably also of 
rhamnogalacturonans [25], indicating that the 
binding specificity described here might have a 
physiological function in mediating bacterial adhe- 
sion to plant surfaces. In the genus Erwinia, 
hemagglutination of human erythrocytes has been 
found only in E. rhapontici [12] which is thought 
to have a host range restricted to rhubarb [26]. At 
present it is not known whether bacterial adhesion 
contributes to this host specificity. The virulence 
of Erwinias largely results from the action of ex- 
creted pectinolytic enzymes [26] which damage 
plant cell walls. As galacturonic acid did not in- 
hibit the hemagglutination (table l), it appears 
likely that pectin is not recognized by the E. 
rhapontici hemagglutinin. Fimbriae causing 
mannose-resistant hemagglutination have been 
characterized on E. rhapontici [27] but our ongo- 
ing studies have suggested that the N- 
acetyllactosamine-specific hemagglutinin is non- 
fimbrial, its molecular nature remains to be 
characterized. 
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